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We performed studies of coherent electronic transport through a sin- 
gle walled carbon nanotube. In the calculations multiple scattering on the 
contacts and interference processes were taken into account. Conductance 
is a composition of contributions from different channels. We studied also 
spin-dependent transport in the system with ferromagnetic electrodes. The 
magnetoresistance is large and shows large oscillations, it can be even neg- 
ative in some cases. 

PACS numbers: 72.25.-b,73.23.-b,73.63.Fg 
1. Introduction 

Recent experiments jl], ^ on electronic transport through carbon nan- 
otubes (CNT) show series of interesting effects. Changing the length of the 
nanotube one can change a character of the transport from the classical diffu- 
sive flow to the quantum transport. The way of coupling of the CNT to the 
electrodes is crucial for the transport properties. If the contact resistances are 
large (R 3> Rq = 13 kfi), the transport exhibits the incoherent single-electron 
tunnelling character with the Coulomb blockade effect jl| . Improvement of the 
quality of the contacts results in an increase of the conductance of the system 
and one can observe the Kondo resonance, which is due to exchange interactions 
of conducting electrons with an uncompensated spin localized on the CNT [^J. 
In the case where the contacts are made very carefully and thus the coupling is 
strong, the transport through the system becomes coherent ||. The interference 
processes and multiple scattering on the contacts are very important in this limit 
and lead to the Fabry-Perot interference. 

We are interested in the coherent transport through molecular systems, 
particularly in magnetoresistance properties. Our system is presented in figure 1, 
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where the single walled carbon nanotube (SWCNT) is strongly coupled to ferro- 
magnetic electrodes (e.g. Ni). Coherent spin-dependent transport measurements 
were already performed on multiwalled CNT Q . Despite the small value of the 
resistance (R >9 kfl) it is not possible to perceive interference processes and it is 
very difficult to specify the mechanism of magnetoresistance. The aim of our work 
is to investigate the influence of the interference on the spin-dependent transport 
through the SWCNT in the regime of strong coupling. 

2. Description of the model and calculation of the electronic current 

We consider the SWCNTs of the armchair type, which has 5 benzene rings 
in the circumference. It is well known that this type CNT has metallic electronic 
structure with two conducting channels. The first and the last row of carbon 
atoms are connected with the electrodes, which are treated as ideal reservoirs. 
The system is described within the tight binding approach, in which the hopping 
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Fig. 1. A scheme of the system considered: A single walled carbon nanotube of the 
armchair type (5,5) is attached to ferromagnetic electrodes (e.g. Ni or Co). The relative 
polarization in both electrodes can be changed from the parallel to the antiparallel 
orientation. The gate electrode voltage changes a relative energy of incident electrons 
transmitted through the nanotube. 



integrals are assumed to = -2.5 eV for C-C bonds. The hopping integral t between 
the electrode and the carbon atom is treated as a parameter. The current is cal- 
culated from the time evolution of the electron number Nl = Yli k a c tiL a c kih,a 
in the left electrode 

G< aMLrT (u) + c.c] . (1) 

* ' i,k,cr " 

Here, Gf ia kiLa (oj) is the lesser Green function connecting the carbons form 
the first row of the nanotube with the left electrode. We sum over all incoming 
channels i = 1,...,10, wave vectors k and spins a = ± 1/2. The non-equilibrium 
Green functions are determined from the Dyson equation and the bare Green 
functions in the electrodes are taken as g aa — iirp a(J , where p^ a and pn a are 
densities of states for electrons with the spin a at the Fermi energy in the left 
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Fig. 2. Conductance Q vs. incident electron energy E for the gold electrodes calculated 
for T = 0. The solid curve corresponds to the strong coupling t = 1.3 eV, and the 
dashed curve to the weak coupling with t — 0.4 eV. The total density of states at the 
Fermi energy is taken as pL — pn — 0.294 states/eV Jjj. 

(a = L) and right (a = R) electrode, respectively. Finally, we obtain the formula 
J = T E / Mh{") - /*(«)] £ \Gl itRj (u)f, (2) 

fj PLcrPRa J . . 

where fi ■ is the retarded Green function connecting the channels in the elec- 
trodes and f a (cj) is the Fermi distribution function for electrons in the a-electrode. 

3. Conductance for the system with paramagnetic and ferromagnetic 

electrodes 



calculated for the SWCNT of 



Fig. 2 presents the conductance Q = 

the length of 90 atomic layers weakly and strongly connected to the gold electrode 
(dashed and solid curve, respectively). For the weak coupling Q shows sharp 
resonant peaks at energies E ns corresponding to standing electron waves in the 
CNT. There are two branches (s — 1,2) of the dispersion curves, and therefore 
Q = ^2 S Q SyCr is a superposition of the conductances for each channel {s, a}. For a 
resonant transmission (at E ns ) Q S:lJ reaches its maximal value e 2 /h. If eigenvalues 
E n \ and E n i are close to each other the value of the conductance is larger than 
2e 2 /h (see outer peaks on the left and the right hand side of the dashed curve in 
Fig. 2). Next, we increase the coupling to the value t — 1.3 eV, which gives Q close 
to the experimental data 3e 2 /h ||. For this case the resonant peaks are much 
broader. If the peaks are close to each other, they merge together leading to a 
single peak with the maximal value 4e 2 /h. However, the peaks can occur far from 
each other and then the effective conductance plot looks like at the center of the 
Fig. 2 (close to E = 0). The similar effect was observed experimentally ||. Our 
approach takes into account multiple scattering on the contacts and interference 
processes. The electronic waves for both conducting channels corresponding to 




Fig. 3. The conductance (a) Qp for the parallel (solid curve) and Qap the antiparallel 
configuration (dashed curve) of the magnetization in the Ni electrodes, the magnetore- 
sistance (b) plotted as a function of the energy E of incident electrons. The parameters 
used are t = 1.9 eV, p+ = 0.1897 state/eV and p- = 1.7261 states/eV. 



the dispersion curves s = 1, 2 are of different symmetry and a transfer matrix 
between them should be very small. In our opinion, interference between the 
channels is irrelevant. It is in contrast to p], where a main role was assigned to 
the Fabry-Perot interference. 

Next, we study transport through SWCNT attached to ferromagnetic elec- 
trodes. The density of states were determined by the band structure calculations 
performed using the tight binding version of the linear muffin-tin orbital method 
in the atomic sphere approximation ||. The results are presented in Fig. 3 for 
the system with the Ni electrodes. The conducting channels for opposite spin 
orientations are different. Therefore, Q is a superposition of four Q StCr correspond- 
ing to the four different channels {s,a}. Since in ferromagnetic Ni p + = 0.1897 
states/eV for electrons with the up spin is much lower than p_ = 1.7261 states/eV 
for minority electrons with the down spin, so in the parallel configuration (P) the 
conductance G+ = Qs+ shows broad peaks, which reach the value 2e 2 /h, 
while £/_ shows sharp peaks and their maximal value is le 2 /h. The composition 
of all channels results in Qp with sharp peaks (solid curve in Fig. 3a). The sit- 
uation is different for the antiparallel configuration (AP) Qap (see the dashed 
curve in Fig. 3a), where the peaks are relatively broad. The magnetoresistancc 
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Fig. 4. The conductance (a) Qp for the parallel (solid curve) and Qap the antiparallel 
configuration (dashed curve) of the magnetization in the Co electrodes, the magnetore- 
sistance (b) plotted as a function of the energy E of incident electrons. The parameters 
used are t = 1.9 eV, p+ = 0.1740 state/eV and p_ = 0.7349 states/eV. 

MR = {Qp — Q AP )/Qp is given by the relative difference of the conductance in 
the parallel and the antiparallel configuration. The results (presented in Fig. 3b) 
show large changes of the MR and that the maximal value can be very large 
(max[Mi?] > 60%). 

An interesting case is the system with the cobalt electrodes. The density of 
states is p + = 0.1740 states/eV for the spin a = +1/2 (close to the value in Ni), 
but = 0.7349 states/eV is much smaller. The peaks of the conductance 
are now much broader. The total conductance Qp and Qap for both orientations 
of polarization are shown in Fig. 4a. Qap is higher and shows larger oscillations 
than for Ni (compare the dashed curves in Fig. 3a and 4a). The value of the 
magnetoresistance (shown in Fig. 4b) is smaller, but exhibits large oscillations. It 
is interesting that in this case MR can also be negative. 

4. Conclusions 

Our studies of coherent electronic transport through the SWCNT showed 
that the conductance is a composition of contributions from four channels. Al- 
though multiple scattering and interference processes were included in this ap- 
proach, we could not observe any feature of destructive interference. In our 
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opinion, the conducting channels correspond to waves of different symmetry and 
matrix elements between them are small. We also considered the spin-dependent 
transport in the system with the ferromagnetic Ni and Co electrodes. Due to 
a resonant nature of the electronic transport the magnetoresistance shows large 
oscillations and achieves large values (max [MR] w 60% and 30% for Ni and Co, 
respectively). Since the density of states for minority electrons (with a = —1/2) 
are different in Ni and Co, the magnetoresistance is different in both cases. For 
the Co electrodes MR can even change the sign and can be either positive or 
negative depending on the gate voltage applied to the carbon nanotube. We be- 
lieve that in near future one can produce systems with coherent contacts between 
ferromagnetic electrodes and the SWCNT, and that our theoretical predictions 
will be verified. 
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